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[s7] ABSTRACI" 
A magnetically coupled centrifugal pump comprising a 
pump housing containing a pumping chamber and hav 
ing an inlet and an outlet, a shaft mounted in the pump 
housing for rotation, a pump impeller attached to the 
forward end of the shaft for rotation with the shaft in 
the pumping chamber and a ?rst magnet attached to the 
rear end of the shaft, the ?rst magnet adapted to be 
magnetically coupled to a second magnet rotated by a 
rotary driving device, the shaft being mounted in at 
least two bearings spaced from each other along the 
length of the shaft and located between the impeller and 
the ?rst magnet, a shell surrounding the shaft bearings 
and ?rst magnet to seal the pump from the exterior and 
prevent the pumped fluid from leaking, the shell being 
located between the two magnets and being able to 
transmit magnet forces between the two magnets for 
magnetically coupling the two magnets together, the 
pump housing containing a passage for conducting 
cooling ?uid from the discharge of the pump impeller to 
the bearings and the shell, the passage dividing the 
cooling flow into parts such that the cooling ?uid cools 
the bearings and the shell in parallel. 

10 Claims, 1 Drawing Sheet 
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MAGNETICALLY COUPLED CENTRIFUGAL 
PUMP WITH IMPROVED CASTING AND 

LUBRICATION 

BACKGROUND OF THE INVENTION 

This invention relates generally to magnetically cou 
pled pumps, known as a “sealless pump” and more 
particularly to the use of pumped liquid to lubricate the 
bearings and to cool the area surrounding the magnets. 
A sealless pump is a type of centrifugal pump that has 

its impeller and bearing system isolated from the impel 
ler driving mechanism by an isolating wall or shell that 
seals the pumping mechanism from the surrounding 
environment and eliminates the necessity to use rotary 
seals to seal the pumped ?uid against leaking along the 
shaft. This type of pump is particularly desirable when 
pumping environmentally sensitive ?uids such as hy 
drocarbons. The driving mechanism is coupled to the 
pump impeller by an arrangement of magnets located 
on the opposite sides of the isolating wall which mag 
netically connects the torque of the driving mechanism 
to the impeller. 
The magnetically coupled pump designs produced 

today use the pumped liquid to lubricate the bearings 
and to cool the area surrounding the magnets. Cooling 
of the magnet area is required because eddy current 
losses in metallic primary containment shells generate 
heat. The amount of heat generated by the eddy current 
losses is a function of the containment shell material and 
thickness, with nonmetallic shells eliminating these 
losses. Approximately one-half of this heat is trans 
ferred from the shell by convection to the pumpage 
circulated through the magnet area. 

Internal circulation is typically either from discharge 
to discharge pressure, utilizing an internal pumping 
device, or from discharge to suction pressure, where, 
because of the heat acquired by the circulating ?ow, 
problems with ?ashing in the magnet area or in the 
impeller inlet may occur. 
The foregoing illustrates limitations known to exist in 

present magnetically coupled centrifugal pumps. Thus, 
it is apparent that it would be advantageous to provide 
an alternative directed to overcoming one or more of 
the limitations set forth above. Accordingly, a suitable 
alternative is provided including features more fully 
disclosed hereinafter. 

SUMMARY OF THE INVENTION 

In one aspect of the present invention, this is accom 
plished by providing a magnetically coupled centrifugal 
pump comprising a pump housing containing a pumping 
chamber and having an inlet and an outlet, a shaft 
mounted in the pump housing for rotation, a pump 
impeller attached to the forward end of the shaft for 
rotation with the shaft in the pumping chamber and a 
?rst magnetic means attached to the rear end of the 
shaft, the ?rst magnetic means adapted to be magneti 
cally coupled to a second magnetic means rotated by a 
rotary driving device, the shaft being mounted in at 
least two bearings spaced from each other along the 
length of the shaft and located between the impeller and 
the ?rst magnetic means, a shell surrounding the shaft 
bearings and ?rst magnetic means to seal the pump from 
the exterior and prevent the pumped ?uid from leaking, 
the shell being located between the two magnetic means 
and being able to transmit magnet forces between the 
two magnetic means for magnetically coupling the two 
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magnetic means together, the pump housing containing 
a passage for conducting cooling ?uid from the dis 
charge of the pump impeller to the bearings and the 
shell, the passage dividing the cooling flow into parts 

5 such that the cooling fluid cools the bearings and the 
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shell in parallel. 
The foregoing and other aspects will become appar 

ent from the following detailed description of the inven 
tion when considered in conjunction with the accompa 
nying drawing ?gures. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

FIG. 1 is a cross-section of magnetically coupled 
centrifugal pump. 

DETAILED DESCRIPTION 

During operation of a magnetically coupled centrifu 
gal pump of the present invention, ?uid ?ow is circu 
lated to the pump bearings and magnets from a high 
pressure area near the outside diameter of the pump 
impeller. The pressure at this location in the pump is 
normally 75 to 80 percent of the total head generated by 
the pump. After the ?ow passes through a self-cleaning 
strainer, it enters a cavity between two product lubri 
cated pump bearings. The ?ow is then split into three 
parallel paths. Each bearing is lubricated with cool 
?uid. The ?uid has not previously been used to cool the 
magnet area, thereby minimizing the danger of creating 
a ?ashing situation in the pump bearing area. 
The three parallel flow paths are as follows: 
Parallel path 1: Approximately one-quarter of the 

total circulation ?ow is directed through the front bear 
ing clearance to a cavity below the wear ring diameter 
at the rear of the impeller. This ?ow is used for the 
lubrication of the bearing faces. It also removes the 
relatively small amount of heat generated by the loaded 
bearing surfaces. A substantial pressure differential be 
tween the two areas creates a signi?cant volume of ?ow 
through the bearing. 

Parallel path 2: The second parallel path starts out in 
a manner very similar to the ?rst, in that it is used to 
lubricate and cool the rear bearing. This ?ow volume is 
also approximately one-quarter of the total volume of 
cooling circulation ?ow. After it passes through the 
bearing, however, this ?ow mixes with the ?ow from 
parallel path 3 in the containment shell before entering 
a passage leading to the area where the combined ?ow 
mixes with ?ow from parallel path 1 and wear ring 
leakage. 

Parallel path 3: The remaining cooling circulation 
?ow volume (about one-half of the total ?ow) is passed 
through a drilled passage in the impeller shaft which 
leads to the rear of the containment shell. Here, it picks 
up the heat created by eddy-current losses in the shell 
before mixing with the flow from parallel path 2 and 
entering a passage leading to the area where it mixes 
with the flow from parallel path 1 and wear ring leak 
age. 
The temperature rise in the area where the flows are 

mixed represents the key to the success of the circula 
tion described above. The entire cooling circulation 
?ow volume terminates in the mixing area, after provid 
ing lubrication and cooling in the containment shell 
area. A common perception is that high temperature 
?uid is ?owing to suction pressure. Obviously, if this 
were to occur, the pump net positive suction head re 
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quired would have to increase to suppress ?ashing of 
the higher temperature liquid. In severe temperature 
rise instances, even pump minimum flow might have to 
be increased to avoid cavitation in the impeller inlet. 
With the arrangement described here, the assumption 

that high temperature ?uid is being returned to suction 
pressure is not correct, for two very important reasons. 
First, the return ?uid holes in the impeller are located in 
the impeller passage at a diameter greater than the di 
ameter of the impeller vane tips. This means that some 
head, or pressure, has already been generated by the 
impeller, and the pressure in the mixing area is actually 
higher than suction pressure by approximately 12 per 
cent of the total discharge head. 

Secondly, there is substantial volume of ?ow through 
the back impeller wear ring clearance. This leakage 
?ow is typically three to ?ve times greater than the total 
circulation ?ow volume through the pump bearing and 
magnet area. Therefore, it is the dominant factor in 
determining the temperature in the mixing area. In a test 
performed on a 3 X4>< 10 test pump, it was determined 
that the actual temperature in the mixing area was only 
about one degree (F) above the injection temperature. 
The magnetically coupled centrifugal pump shown in 

FIG. 1 includes a pump casing 1 containing an axial 
inlet 2, a pumping chamber 3 and an outlet 4, all of 
which are interconnected by passages extending 
through the casing 1. The pump casing 1 has an annular 
?ange surrounding the pumping chamber 3. A casing 
cover 7 is bolted to the annular ?ange on the pump 
casing 1. The pump casing 1 and easing cover 7 form 
the pump housing. An extended portion 30 of the casing 

> cover 7 rotatably supports an axially extending shaft 11. 
An impeller 12 is attached to one end of the shaft 11. 
The shaft 11 is rotatably supported by front and rear 
journal bearing bushings 36 and 37. 
The pumped ?uid enters the eye or inlet 14 of the 

impeller 12 and is discharged at a higher pressure at the 
impeller discharge 15. The impeller has a plurality of 
radially spaced apart axially extending inlet vanes 16. A 
plurality of cooling ?ow return passageways 72 are 
located in the rear surface of the impeller 12. In the 
preferred embodiment shown in FIG. 1, the cooling 
?ow return passageways 72 are located at a point where 
the pumped ?uid pressure is intermediate between the 
suction pressure at the inlet 14 and the discharge pres 
sure at the impeller discharge 15. The cooling ?ow 
return passageways 72 are located at a diameter greater 
than the diameter of the inlet vane tips 17. In other 
applications, for example, where the impeller eye has a 
larger diameter, the cooling ?ow return passages 72 
may be located in a region which is at suction pressure. 
Wear rings 43 are located about the periphery of the 

impeller 12 adjacent the eye 14 of the impeller and 
adjacent the back of the impeller. The wear rings 43 are 
typically a hardened material with a corrosive resis 
tance similar to the material of the pump casing 1. The 
wear'rings 43 ar designed to allow a small amount of 
leakage from the pump discharge 15 to the inlet 2 of the 
impeller and to regions 70 (mixing area) behind the 
impeller. 
A magnet holder 50 is attached to the rear end of 

shaft 11. The magnet holder 50 has a hollow cylindrical 
shape with the end opposite the rear end of shaft 11 
being open. The exterior surface of the magnet holder 
50 carries a series of magnets 58 which rotate closely 
about the interior of a relatively thin can-shaped shell 59 
which ?ts over the magnet holder 50 and the extended 
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4 
portion 30 of the casing cover 7. The shell 59 forms part 
of the pump housing and is part of the pump pressure 
boundary. 
A power frame 48 ?ts over the shell 59 of the casing 

cover 7 and is attached to the pump casing 1 and easing 
cover 7 by a series of bolts. A drive shaft 49 is rotatably 
mounted in the power frame 48. The outer end of drive 
shaft 49 is connected to a driving device 45 using con 
ventional coupling means. The driving device 45 is 
preferably an electric motor. 
An outer magnet holder 46 is attached to the drive 

shaft 49. The outer magnet holder 46 has a hollow cylin 
drical shape open at one end. The outer magnet holder 
46 carries a series of magnets 47 spaced around its inte 
rior surface which are magnetically coupled to the mag 
nets 58 on the inner magnet holder 50 for transmitting 
torque from the driving device 45 to the pump impeller 
shaft 11. 
The casing cover 7 contains a ?uid passage 60 extend 

ing from its front face to a distribution chamber 62 for 
conducting a small portion of the pumped ?uid from the 
pumping chamber 3 to the bearings 36, 37 and the inner 
magnet holder 46 and magnets 58. Distribution chamber 
62 is an annular space bounded by bearings 36, 37, the 
shaft 11 and the extended portion 30 of the casing cover 
7. This portion of the pumped ?uid is used to lubricate 
the bearings 36, 37, to cool the bearings 36, 37 and to 
remove heat buildup in shell 59 caused by eddy current 
losses. 

It is essential for the lubricating and cooling ?uid to 
be free of particulate matter to provide the bearings 
with a long life. Therefore, it is desirable that particu 
late matter not pass into ?uid passageway 60. Other 
wise, particulate matter could lodge in the space be 
tween the bearings 36, 37 and the shaft 11, causing a 
buildup of particulate matter interfering with the opera 
tion of the pump, and possibly, damaging the bearings 
of the pump. Fluid passageway 60 opens into an annular 
pocket 61 in the front face of the casing cover 7 proxi 
mate the rear face of the impeller 12. The annular 
pocket 61 is also proximate the outer diameter of the 
impeller 12. A strainer or screen 63, of annular shape 
corresponding to the outline of the pocket 61, is placed 
over the top of the pocket 61 to capture particulate 
matter before it enters pocket 61 and ?uid passageway 
60. 
From distribution chamber 62, the cooling ?uid ?ow 

is divided into three portions, the first two portions ?ow 
in parallel through the bearings 36, 37 to provide lubri 
cation and cooling. The third portion is used to cool the 
region of shell 59 which is heated by eddy current 
losses. This third portion enters a plurality of ?uid bores 
64 in an enlarged section of shaft 11. The ?uid bores 64 
are in ?uid communication with an axially extending 
passageway 68 in the center of shaft 11. Axial passage 
way 68 directs the third portion of the cooling ?ow to 
the end of the shaft 11 adjacent the end of shell 59. 
From this point, the ?ow is past the inner magnets 58 
and the adjacent shell 59 where the heat from eddy 
current losses is removed. 

After cooling the shell 59, the third portion of the 
cooling ?ow mixes with the cooling ?ow from the rear 
bearing 37. The combined ?ow then enters restricting 
passageways 71 which direct the ?ow to mixing areas 
70 where the ?ow is mixed with the return cooling ?ow 
from the front bearing 36 and the relatively cold (un 
heated) wear ring leakage ?ow. The diameter of the 
restricting passageways is approximately 0.25 inches. 
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This diameter is deliberately kept small such that the 
majority of the pressure drop in the third portion of the 
cooling ?ow (the shell 59 cooling flow) is across the 
restricting passageway 71. This keeps the pressure of 
the cooling ?ow in the vicinity of the shell 59 above the 
vapor pressure of the cooling ?uid, thereby preventing 
any bubble formation or boiling of the cooling ?uid as 
the eddy current loss induced heat is removed from the 
shell 59. For liquids with low vapor pressures, such as 
light hydrocarbons, an additional restricting ori?ce 73 
may be added to the restricting passageway 71. 
The return cooling ?uid is mixed with the relatively 

cold wear ring leakage ?ow in mixing areas 70 to re 
duce the temperature of the ?uid before being returned 
to the suction side of the impeller 12. Without the addi 
tional cooling, the return ?ow could ?ash causing cavi 
tation in the impeller. 

In the preferred embodiment, described above, the 
cooling ?uid ?ow is divided into three parallel cooling 
?ows, each of the two bearings and the shell. It is not 
necessary to cool the bearings in parallel. The majority 
of the heat removal is from the shell 59. The shell cool 
ing ?ow must be parallel to the ?ow through the bear 
ings. However, the bearings could be sequentially 
cooled by a single cooling ?ow, rather than by parallel 
cooling ?ows. Because the bearing cooling ?ow is par 
allel to the shell cooling ?ow, the bearings are lubri 
cated with cool ?uid, thereby minimizing the danger of 
?ashing in the pump bearing area. Also, in the preferred 
embodiment, the cooling ?uid ?ow is returned to an 
intermediate pressure. Because of mixing the cooling 
return ?ow with the wear ring leakage ?ow, it is possi 
ble to return the cooling ?uid ?ow to pump suction 
pressure. 
Having described the invention, what is claimed is: 
1. A magnetically coupled centrifugal pump compris 

mg: 
a pump housing containing a pumping chamber and 

having an inlet and an outlet; 
a shaft mounted in the pump housing for rotation; 
a pump impeller attached to the forward end of the 

shaft for rotation with the shaft in the pumping 
chamber and a first magnetic means attached to the 
rear end of the shaft, the ?rst magnetic means 
adapted to be magnetically coupled to a second 
magnetic means rotated by a’rotary driving device, 
the shaft being mounted in at least two bearings 
spaced from each other along the length of the 
shaft and located between the impeller and the ?rst 
magnetic means, the pump impeller having an inlet 
and a discharge; and 

a shell surrounding the shaft bearings and ?rst mag 
netic means to seal the pump from the exterior and 
prevent the pumped ?uid from leaking, the shell 
being located between the two magnetic means and 
being able to transmit magnetic forces between the 
two magnetic means for magnetically coupling the 
two magnetic means together; 

the pump housing containing a passage for conduct 
ing cooling ?uid from the discharge of the pump 
impeller to the bearings and the shell, the passage 
dividing the cooling ?uid into at least two parts 
such that the cooling ?uid cools the bearings and 
the shell in parallel. 

2. The magnetically coupled centrifugal pump ac 
cording to claim 1, wherein the cooling ?uid is returned 
to an intermediate pressure area of the impeller located 
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6 
between the inlet of the impeller and the discharge of 
the impeller. 

3. The magnetically coupled centrifugal pump ac 
cording to claim 1, wherein the impeller has a plurality 
of radially spaced apart axially extending inlet vanes, 
the portion of a vane closest to the center of the impel 
ler de?ning a vane tip; and 

the impeller having a plurality of cooling ?uid return 
passages extending therethrough, the cooling ?uid 
return passages being located at a diameter greater 
than the diameter of the inlet vane tips. 

4. The magnetically coupled centrifugal pump ac 
cording to claim 1, wherein the cooling ?ow is divided 
into three parts, the ?rst part cooling at least one bear 
ing, the-second part cooling at least one other bearing, 
the third part cooling the shell, the second part and the 
third part being mixed together after cooling the at least 
one other bearing and the shell, the mixed second and 
third parts passing through a restricting passageway 
prior to mixing with the ?rst part. 

5. A magnetically coupled centrifugal pump compris 
mg: 

a pump housing containing a pumping chamber and 
having an inlet and an outlet; 

a shaft mounted in the pump housing for rotation; 
a pump impeller attached to the forward end of the 

shaft for rotation with the shaft in the pumping 
chamber and a ?rst magnetic means attached to the 
rear end of the shaft, the ?rst magnetic means 
adapted to be magnetically coupled to a second 
magnetic means rotated by a rotary driving device, 
the shaft being mounted in at least two bearings 
spaced from each other along the length of the 
shaft and located between the impeller and the first 
magnetic means, the impeller having an inlet and a 
discharge; ' 

a wear ring being located between the impeller and 
the pump housing, the wear ring allowing leakage 
?ow between the impeller and pump housing; and 

a shell surrounding the shaft bearings and ?rst mag 
netic means to seal the pump from the exterior and 
prevent the pumped ?uid from leaking, the shell 
being located between the two magnetic means and 
being able to transmit magnetic forces between the 
two magnetic means for magnetically coupling the 
two magnetic means together; 

the pump housing containing a passage for conduct 
ing cooling ?uid from the discharge of the pump 
impeller to the bearings and the shell, the passage 
dividing the cooling ?uid into at least two parts 
such that the cooling ?uid cools the bearings and 
the shell in parallel, the cooling ?uid mixing with 
the wear ring leakage ?ow prior to being returned 
to the impeller. 

6. The magnetically coupled centrifugal pump ac 
cording to claim 5, wherein the cooling ?uid is returned 
to an intermediate pressure area of the impeller located 
between the inlet of the impeller and the discharge of 
the impeller. 

7. The magnetically coupled centrifugal pump ac 
cording to claim 5, wherein the impeller has a plurality 
of radially spaced apart axially extending inlet vanes, 
the portion of a vane closest to the center of the impel 
ler de?ning a vane tip; and 

the impeller having a plurality of cooling ?uid return 
passages extending therethrough, the cooling ?uid 
return passages being located at a diameter greater 
than the diameter of the inlet vane tips. 
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8. The magnetically coupled centrifugal pump ac 
cording to claim 5, wherein the cooling ?ow is divided 
into three parts, the ?rst part cooling at least one bear 
ing, the second part cooling at least one other bearing, 
the third part cooling the shell, the second part and the 
third part being mixed together after cooling the at least 
one other bearing and the shell, the mixed second and 
third parts passing through a restricting passageway 
prior to mixing with the ?rst part. 

9. The magnetically coupled centrifugal pump ac 
cording to claim 8, wherein the pump housing contains 
a ?uid passage for directing the cooling ?ow from the 
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8 
pump discharge to a distribution chamber where the 
cooling ?ow is divided into the three parts and the 
pump housing contains a collection chamber wherein 
the mixed second and third parts of the cooling ?ow, 
the ?rst part of the cooling flow and the wear ring 
leakage flow are mixed together. 

10. The magnetically coupled centrifugal pump ac 
cording to claim 9, wherein the shaft has an axially 
extending bore in ?uid communication with the distri 
bution chamber, the third part of the cooling ?ow flow 
ing through this axially extending bore. 
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